In this paper we summarize these potential sources of bias and provide recommendations for best practices for 74 using natural markings in a capture-recapture framework. 75 76 77
119
The primary objective of this paper is to determine how best to select photo-identification data sets for use in 120 capture-recapture analyses, with a particular focus on identifying potential sources of bias arising from practices 121 used in the field and laboratory and on the development of methods to minimize these biases.
123
Capture-recapture statistical models used to estimate abundance require photo-identification data to conform to a 124 specific set of assumptions in order to provide adequate model fit (Hammond 2009 , Hammond 2010 The goal of the present paper, therefore, is to provide recommendations for best practices in the selection of 152 images and data used in photographic capture-recapture studies used to estimate the abundance of cetaceans.
154
Examination of variation in methods used across laboratories and researchers
155
We circulated a test data set of dorsal fin images of bottlenose dolphins to researchers who had considerable encounters. This allowed us to assess the effects of image quality and levels of distinctiveness on recapture rates.
171
We specifically asked participants to provide the following information from their evaluation of the data sets: 172 173 1.
The number of images that were of sufficient image quality to be used in a encounter (out of a total of 50 images), the responses ranged from 17 to 47 (Fig. 3 ). The parameters with the 196 highest inter-individual variance were the evaluation of distinctiveness (CV=113% and 77% in encounters 1 and 197 2, respectively) and the number of matches within (CV=77% and 52%) and between encounters (CV=49%).
198
These results underscored the need to review the criteria used for selecting photo-identification images to be used 199 for capture-recapture analysis.
201
We calculated an abundance estimate for each data set using the of digital technology is that higher resolution images can increase capture probability, thus increasing precision.
290
An arguably equally important advantage is that increasing capture probability will tend to decrease any 291 heterogeneity and thus also potentially decrease bias (if heterogeneity is otherwise unaccounted for) (Hammond The threshold used for distinctiveness often depends on the population being studied, such that subtle or 316 temporary markings may be used with small populations in a limited range and within a short time period, 317 whereas only very well-marked animals should be used with large populations that range across extensive areas 318 and/or over a long time period. This issue is strongly related to capture probability; individuals from small local 319 populations have higher probability of being captured and thus more subtle marks may be included. The choice 320 of marks should be related to not only the study species, but also to the frequency of sampling periods and overall 321 duration of the study, so it is valuable to have some knowledge of the range and relative size of the population 322 being studied, as well as the intended frequency and overall time span of sampling.
324
In an ideal world, image quality and mark distinctiveness would be independent but, as was apparent in our 325 exercise, in practice different standards or thresholds are applied. Some of our participants attempted to increase 326 capture probability by including well-marked fins in poor quality images, but this will introduce, or increase, 
